Attorney Docket No.: 035-0004 



"Express Mail" mailing label number: 

EL^□fi^E2b3fi7US 



METHOD FOR FORMING CERAMIC LAYER HAVING GARNET 
CRYSTAL STRUCTURE PHASE AND ARTICLE MADE THEREBY 

Matthew A. Simpson 
Dominique Billieres 

Gerard Main 
Jean-Michel Drouin 

CROSS-REFERENCE TO RELATED APPLICATION(S^ 

BACKGROUND 
Field of the Invention 

[1001] The present invention relates generally to methods for depositing a coating 
on a substrate, and more particularly, to methods for depositmg a coating by using a 
thermal spraying technique to form a coating having a garnet crystal structure phase. 

Description of the Related Art 

[1002] Ceramic materials having the garnet crystal structure, such as rare-earth 
aluminates, have been identified as potential materials in various industry 
appUcations, and have been of particular interest in industry areas ranging from 
semiconductor processing to aircraft and land-based turbine engine fabrication. In 
particular, garnet structured ceramic materials have been identified as having useful 
properties, including high-temperature strength, such as at elevated temperatures on 
the order of 1300° C and higher, hi addition, garnet ceramics are resistant to 
corrosion from reactive materials such halogens and acids. Such problems are 
especially acute in semiconductor processing. Silicon wafers are typically etched in 
reactors using halogen radicals that are extremely corrosive. It is important that the 
immediate environment of the wafer (which typically consists of chamber walls with 
some kind of hd and an electrostatic chuck to hold the wafer) not corrode rapidly, 
otherwise small particles of eroded material may fall on the wafer and create fatal 
defects. 
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[1003] As is understood in the art, it is generally difficult to fabricate large 
ceramic components from a uniform or monolithic ceramic composition. In particular, 
it is generally difficult to form large, dense ceramic components, as thermal stresses 
and non-uniformities tend to produce cracking in the component. Accordingly, 
techniques for depositing ceramic materials, including garnet structure ceramic 
materials, have been investigated. In this context, coatings of garnet ceramics 
generally play a role as thermal, chemical or mechanical barriers, which function to 
protect the imderlying substrate. 

[1004] Several techniques have been employed in the art to deposit garnet 
ceramics on substrates. In one such technique, raw materials including alimiinum and 
yttrium raw materials are deposited using RF magnetron sputtering. However, this 
technique suffers from several disadvantages. For example, the sputtering technique 
cannot produce robust coatings having a thickness greater that about 5 microns, which 
thickness is generally desirable for corrosion protection. In particular, the process is 
slow and expensive, and thick coatings generally delaminate from underlying 
substrate due to internal residual stresses in the coating. 

[1005] Another technique attempts to deposit yttrium aluminum garnet (known in 
the art as "YAG"), having the nominal composition Y3AI5O12 coatings by a thermal 
spray process. In this technique, liquid precursors including suspensions of elemental 
or compounds of yttrium and alviminum are fed to an RF induction plasma torch, and 
thermally sprayed to form a coating. Here, the coating as-sprayed was foimd to have 
the perovskite phase, and a subsequent high temperature exposure was executed to 
convert the perovskite phase to the garnet phase. 

[1006] While the foregoing thermal spray process provides significantly higher 
deposition rates than the above-described sputtering process, the secondary heat 
treatment step to effect phase transformation of the deposited coating is problematic. 
In particular, the temperatures at which the heat treatment step is executed have a 
tendency to damage or affect the structural integrity of certain types of underlying 
substrates such as aluminum-based alloys. 

[1007] Accordingly, the present inventors have recognized a need in the art to 
provide improved processes for forming garnet ceramic coatings. 
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SUMMARY 

[1008] In one aspect of the present invention, a method is provided for depositing 
a coating on a substrate. In this method, a ceramic powder including a garnet crystal 
structure phase is thermally sprayed onto the substrate thereby forming a desired 
coating. The coating includes the garnet crystal structure phase. In another aspect of 
the invention, an article is provided including a substrate and a garnet crystal structure 
coating overlying the substrate. In the foregoing article, the substrate has a coefficient 
of thermal expansion that is at least about 30 percent different (i.e., greater or less 
than) than the thermal expansion coefficient of the coating. In addition, the coating is 
relatively thick, having a thickness of at least 10 microns. Additional aspects of the 
present invention are drawn to semiconductor processing tools as well as methods for 
forming semiconductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[10091 The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

[1010] FIG. 1 illustrates an X-ray diffraction chart representing the crystal 
structure of an embodiment of the present invention in which yttrium aluminum 
garnet (Y AG) ceramic material was deposited on an alumina substrate; 

[1011] FIG. 2 illustrates an X-ray diffraction chart representing the crystal 
structure of an embodiment of the present invention in which yttrium aluminum 
garnet (YAG) ceramic material was deposited on an aluminum substrate; 

[1012] FIG. 3 illustrates an X-ray diffraction chart representing the crystal 
structure of another embodiment of the present invention in which yttrium aluminum 
garnet (Y AG) ceramic material was deposited on an alumina substrate; and 

[1013] FIG. 4 illustrates the X-ray diffraction chart of alpha-alimiina (corundum), 
for comparative purposes. 
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[10141 FIG. 5 illustrates a particular semiconductor processing tool, an etch 
chamber assembly, components of which are coated according to embodiments of the 
present invention. 

[1015] The use of the same reference symbols in different drawings indicates 

similar or identical items. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S^ 

[1016] Turning to particular embodiments of the present invention, a method is 
provided for depositing a coating, which includes providing a substrate, and thermally 
spraying a ceramic powder on the substrate to form a coating. According to a 
particular feature of the present invention, the powder includes a garnet crystal 
structure phase. The resulting coating also includes the garnet crystal structure phase. 

[1017] The particular form of a substrate may vary widely, and includes 
semiconductor processing components (e.g., reactive chambers and etch reactors) and 
superalloy turbine engine components (e.g., turbine rotors). The particular materials 
of the substrate may also vary widely, and include metals and non-metals, including 
ceramic materials. Metal substrates preferably include at least one of molybdenum, 
tungsten, iron, nickel, aluminum, titanium and combinations thereof As used herein, 
the term "metal" includes not only elemental metals, but metal alloys as well. In this 
regard, various industrial applications call for use of aluminum alloy, for cost and 
ease of forming/machining. For example, many semiconductor processing 
components are formed of aluminum alloys. Alternatively, in the case of metals, the 
substrate may commonly be formed of a stainless steel alloy. In the case of non- 
metals, the substrate may be formed of elemental silicon. Alternatively, the substrate 
may be formed of a ceramic or glassy material such as alumina or silica. 

[1018] While the garnet coating may be deposited directly on the substrate, 
intermediate layer(s) may be present between the substrate and the coating. The 
precise nature and composition of the layers are determined based on the intended use 
and environment of the coated article. Exemplary intermediate coatings include 

bonding layers, oxidation and corrosion resistant layers, barrier layers (e.g., to prevent 
migration of components within the substrate to the outer surface), and others. They 
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may be in the form of a chemical vapor deposited layer, physical vapor deposited 
layer, oxidized layer, reacted layer, and an anodized layer. An exemplary 
composition is boron carbide. 

[1019] Turning to the ceramic powder that is used in the thermal spraying, it is 
particularly important that the powder include a garnet crystal structure phase. More 
particularly, the powder generally comprises M3AI50 12 having the garnet crystal 
structure, wherein M includes at least one element from the group consisting of 
yttrium, scandium, lanthanide series elements, and combinations thereof In one 
particular embodiment, M includes at least yttrium, and the powder is principally 
formed of yttrium aluminimi garnet, known in the art as "YAG". hi addition, M may 
include yttrium in a combination with any one of or several elements that include 
scandium and lanthanide series elements. Typically, the total sum of the scandium 
and lanthanide series elements is not greater than 20 mol% with respect to the total 
amount of M (including Y). The YAG powder may be formed of stoichiometrically 
correct or accurate yttrium aluminum garnet. Alternatively, the stoichiometry of the 
YAG powder may be slightly shifted such as by having a sUghtly rich (such as 2 
percent by mass) yttrium content. 

[1020] YAG belongs to the isostructural garnet family of ceramics having the 
general formula Ys'^Ah'^Als^Ou, where C, A, and D are special sites in the garnet 
crystal. The "A" site is octahedrally coordinated with respect to oxygen, the "C" site is 
tetrahedrally coordinated with respect to oxygen, and the "D" site is dodecahedrally 
coordinated with respect to oxygen. In the case of YAG, all of the Y^^ sites occupy 
the "C" sites. Two fifths of the Al"^ atoms occupy the "A" sites, and the remainder of 
the Al^"^ atoms occupy the "D" sites. 

[1021] As used herein, "garnet" includes the YAG ceramic itself, and any member 
of the garnet family of ceramics in which all or part of the Al^"^ on the A and/or D 
sites may be substituted by one or a mixture of other trivalent elements, such elements 
including, but not being limited to, iron, gallium, scandium, and the like. Substitution 
of all of the Al^"^ atoms by Fe^"*", for example, results in Y3 Fe50i2 (yttrium iron garnet, 
YIG). Thus, there is complete solid solubility between YAG and YIG, with a general 
formula 
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YsAls-xFCxOn, where x varies from 0 to 5. Similarly, garnets include ceramics 
wherein the yttrium on the site C is replaced in part or in whole by a combination of 
rare earth elements as well as scandium. 

[1022] The particle size distribution and average particle size characteristics of the 
ceramic powder may be chosen by one of ordinary skill in the art, based upon the 
details of the thermal spraying process. An embodiment of the present invention 
includes ceramic powders having particle size ranges within about 1 to 100 microns, 
such as 5 to about 75 microns. The particular size ranges are described in more detail 
below in connection with the examples. 

[1023] Like the ceramic powder, the resulting coating formed by thermal spraying 
also has a garnet crystal structure phase. Typically the coating has the same 
stoichiometric composition and crystal structure (phase) as those of the ceramic 
powder used for thermal spraying. Accordingly, the foregoing description with 
respect to the composition of the ceramic powder applies to the coating as well. 
Preferably, the garnet crystal structure phase is the predominant phase of the coating. 
The prevalence of the garnet crystal structure phase may be measured by exposing 
samples of deposited coating to X-ray diffraction analysis. Embodiments of the 
present invention may have a maximum peak height of crystalline phases (other than 
the garnet crystal structure phase) that is less that 10% of the maximum peak height of 
the garnet crystal phase. Other embodiments show that such a maximum peak height 
of other crystalline phases to be less than 5% of the maximum peak height of the 
garnet crystal structure phase. 

[1024] Like the ceramic powder used for thermal spraying, the coating includes 
M3AI5O12 having the garnet crystal structure, where an M includes at least one 
element from the group consisting of yttrium, scandium, lanthanide series elements, 
and combinations thereof In one particular embodiment, M includes at least yttrium, 
which forms yttrium aluminum garnet (YAG). In this case, the YAG coating may be 
formed of principally stoichiometrically correct yttrium aluminum garnet, or maybe 
slightly rich (up to an additional two percent by mass) in 3^um. 

[1025] Further, the yttrium of the YAG coating may be partially replaced with 
another rare earth element. As used herein, the term "rare earth element" includes not 
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only the lanthanide series elements, but also yttrium and scandium as well. In 
addition, M may include yttrium in a combination with any one of or several elements 
that include scandium and lanthanide series elements. Typically, the total sum of the 
scandium and lanthanide series elements is not greater than 20 mol% with respect to 
the total amount of M (including Y). In one particular embodiment, the YAG coating 
further includes neodymium (Nd), which may be effective to modify the color of the 
coating, by making it slightly darker. 

[1026] Partial replacement of the aluminum with other elements may also be used 
to modify the properties of the coating. Chromium additions, sometimes with other 
additive elements such as Tm or Ca, can impart strong coloration to the coating. 

[1027] According to an embodiment of the present invention, the ceramic powder 
is thermally sprayed by use of a plasma torch. Here, the starting material, the ceramic 
powder including the garnet phase, is fed to the plasma torch for thermal spraying in a 
fluid medium, either through gas flow or in a Uquid (e.g., aqueous) suspension. 

[1028] The substrate upon which the coating is formed may be preheated prior to 
thermal spraying. It has been found that the preheating step is beneficial to promote 
adhesion between the substrate and the coating overlying the substrate. Preheating 
temperatures generally are about 150° C or higher, and particular embodiments were 
preheated to a temperature to about 200° C. Preheating may be important for a range 
of substrate materials, including ceramics such as alumina, and metal substrates such 
as aluminiun and anodized aluminum. However, preheating is particularly preferable 
for alumina and anodized aluminum substrates. 

[1029] According to embodiments of the present invention, the coating contains 
the garnet crystal phase in its as-deposited form. Accordingly, post-deposition heat 
treatments do not need to be carried out, such as in the case of prior art processes that 
rely on post-deposition heat treatment to effect phase transformation into the garnet 
crystal phase. This aspect of the present invention advantageously permits use of 
substrate materials that do not have robust refractory properties, such as many 
aluminum alloys that are used for fabricating semiconductor processing components. 
In addition, embodiments of the present invention are particularly adapted for 
depositing coatings on substrates that have a widely varying thermal expansion 
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coefficient from that of the deposited garnet ceramic material. Since a post- 
deposition heat treatment does not need to be carried out, problems with delamination 
of the coating from the substrate are overcome, hi this regard, it is noted that while 
relatively thin coatings (such as on the order of less than five microns) can survive 
delamination during post-deposition heat treatment steps, thicker coatings typically do 
not. 

[1030] Accordingly, another embodiment of the present invention provides for a 
coated article including a substrate and a relatively thick coating overlying the 
substrate, the thick coating having a garnet crystal structure phase. Here, the substrate 
has a coefficient of thermal expansion that is at least about 30 percent different (i.e., 
greater than or less than) the thermal expansion coefficient of the coating, hi one 
embodiment of the present invention, the coefficient of thermal expansion of the 
subsfrate is at least about 40 percent greater than or less than the thermal expansion 
coefficient of the coating. For example, YAG has a coefficient of thermal expansion 
(CTE) of about 9.1 x lO'^/K. Accordingly, the underlying substrate may have a 
thermal expansion coefficient less than about 6.4 x 10"^/Kor greater than about 1 1.8 x 
10-^/K. . 

[1031] As stated above, the coating overlying the substrate is relatively thick, 
having a thickness greater than about five microns. Particular embodiments include 
coatings having a thickness greater than about 10 microns, and other embodiments 
having a thickness greater than about 50 microns, and greater than about 100 microns. 
The particular materials for the substrate and the coating are as otherwise described 
herein. 

[1032] Turning to particular working examples of embodiments of the present 
invention, numerous coated articles were formed by feeding YAG powder to a TS7 
plasma torch, made by SNMI of Avignon, France. The following nominal process 
parameters were utilized for the plasma torch. Argon and hydrogen gases were 
flowed to the torch at nominal flow rates of about 43 liters per minute and 8 liters per 
minute, respectively. Current was held at 550 amps, and voltage was held at 68 volts. 
The injector diameter was 1.8 mm, the angle of mjection was held at 90 degrees 
(relative to gas flow), the distance of the powder injection to the anode was withm a 
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range of about 6 to 8 mm, and the standoff between the anode and the substrate was 
90 mm. The ceramic powder was provided in a gas mixture and fed to the plasma 
torch within a range of about 2.5 to 4.0 liters per minute. Of those samples that were 
preheated, the substrate was preheated to a temperature of about 200° C. Two 
different methods to affect the cooling rate of the deposit were investigated. In one 
(called "air blowing" below), air was flowed in a direction parallel to the plasma jet 
onto the substrate in order to maximize cooling rate. In the other (called "gas barrier" 
below) a flat jet of air was blown at right angles to the plasma jet at about 60mm from 
the anode. This flat jet separated somewhat the particles from the hot gases from the 
plasma jet, thereby reducing the cooling rate. Temperature quenching during plasma 
spraying was carried out by either air blowing or by implementing a gas barrier. 

[1033] Example 1 : A commercially available stoichiometrically accurate yttrium 
aluminum garnet powder having a nominal particle size within a range of about 5 to 
about 45 microns was fed to a plasma torch according to the general conditions 
described above. The plasma torch was held at a level of 37.4 kW. Thermal spraying 
was carried out on an alumina substrate that was not preheated. The plasma spray 
was quenched by air blowing. 

[1034] Example 2: Example 2 was prepared in the same manner as example 1, 
except that the substrate was preheated at a temperature of about 220° C, the plasma 
torch was held at a power level of 34.1 kW, and the plasma spray was quenched via 
implementation of a gas barrier. 

[1035] Example 3; Example 3 as prepared in a manner identical to example 1, 
except that the ceramic powder had a slightly shifted yttrium content, particularly, the 
powder was rich in yttrium by an amount of two percent by mass. The particles size 
of this powder was within a range of about 10 to about 63 microns. 

[1036] Example 4: Example 4 was prepared in a manner identical to example 3, 
except that the substrate was preheated to a temperature of about 220° C, the plasma 
torch was held at a power level of 34.1 kW, and the plasma was quenched by 
implementation of a gas barrier. 
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[1037] Example 5: Example 5 was prepared in the same manner as Example 2, 
except that the substrate was formed of 6061 altiminum and the substrate was not 
preheated. 

[1038] The coated samples were then prepared for and exposed to X-ray 
diffraction analysis for determination of phases present in the coating. As is known in 
the art, X-ray diffraction analysis is carried out by irradiating by means of a 
monochromatic X-ray beam a sample. The X-ray beam is deflected only at given 
angles (whose value 2 theta is measured relative to the forward beam) due to the 
regularity of the crystal structure of the sample. The diffraction angles provide 
information with respect to crystal structure of the sample. 

[1039] The searched crystal phases included YAIO3 (perovskite structure), 

AI2Y4O9 (monolithic crystal structure), Y3AI5O12 (garnet crystal structure), AIYO3 
(orthorhombic crystal structure), AI2O3 (corundum), and Y2O3 (yttria). 

[1040] Examples 1 and 2 showed very clear patterns of Y3AI5O12, the YAG 
crystal structure. No other phases were detected. Accordingly, from the X-ray 
diffraction analysis, examples 1 and 2 are beUeved to be formed of entirely YAG. 
Examples 3 and 4 were also composed principally of YAG. However, m example 3, 
AIYO3 was detected in an amount of about 4%. In addition, AlYOa was detected in 
example 4 in an amoimt of about 7%. Here percentages were calculated fi*om the 
relative intensity of the most intense x-ray diffraction peak of YAG at 0.269nm plane 
spacing and the most intense x-ray diffraction peak of AIYO3 at 0.262nm. 

[1041] Testing of the foregoing examples and additional examples were also 
carried out to determme the adhesion of the coating to the substrate. It was found that 
those examples that were preheated during thermal spraying showed superior 
adhesion. Those examples that were not preheated showed a tendency to delaminate 
from the surface of the substrate. In addition, testing was carried out to determine the 
tensile breaking stress of the coatings. The measured values fell within a range of 
about 40 to 80 MPa. Noteworthy, it was discovered that for the examples preheated, 
failure during testing usually occurred within the coating, not along the interface 
between the substrate and the coating. 
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[1042] Turning to the drawings, FIG. 1 represents the X-ray diffraction pattern 
generated from a working example in which YAG ceramic powder was thermally 
sprayed onto an alumina substrate following the general thermal spray conditions 
specified above. As shown, the sample exhibited a very clean X-ray diffraction 
pattern corresponding to the YAG crystal structure, according to ASTM 33-0040. 
FIG. 2 is similar to FIG. 1, illustrating the diffraction pattern of a YAG coating 
deposited on an aluminum substrate. 

[1043] FIG. 3 illustrates the diffraction pattern of a YAG coating according to an 
embodiment of the present invention, wherein the ceramic powder utilized (the raw 
material) had a slightly rich yttrium content (2% by weight). The diffraction pattern 
shown in FIG. 3 showed what appears to be a modest amount of a secondary phase 

that might be YAIO3. 

[1044] FIG. 4 illustrates an X-ray diffraction pattern of alumina (AI2O3) having 
the corundum crystal structure. This X-ray diffraction pattern is included in the 
drawings for comparative purposes to demonsfrate that the YAG coatings in FIGs. 1 
through 3 contain no appreciable amount of alpha-alumina. This is significant, as this 
particular phase tends to etch more readily than YAG coatings, and accordingly, 
impairs the corrosion resistance of the deposited coatings. 

[1045] The structural integrity and resulting desired composition (garnet phase) of 
the as-deposited coating are noteworthy results. In this regard, the present inventors 
note that prior research has been conducted, wherein melts of materials having the 
composition corresponding to the precise stoichiometry of the garnet crystal structure 
produced mixtures of phases when rapidly cooled. The integrity and the uniformity of 
the garnet crystal structure according embodiments of the present invention maybe 
due to incomplete melting of the ceramic powder, whereby unmelted garnet phase 
grains provide appropriate sites for nucleation and growth. 

[1046] As discussed above, embodiments of the present invention may take the 
form of semiconductor processing components or semiconductor processing tools, 
utilized in connection with forming active semiconductor devices. Typically, the 
semiconductor processing tool is a deposition apparatus, a diffusion apparatus, an etch 
apparatus, a chemical mechanical poUshing (CMP) apparatus, or an annealing 
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apparatus. The ceramic coating, including the garnet crystal phase as described 
above, finds particular use in semiconductor etch apparatuses, as such apparatuses are 
typically exposed to highly reactive gases. As such, the corrosion resistance of the 
garnet ceramic material may be of advantageous use. In this regard, it is noted that 
deposition apparatuses also typically are exposed to highly reactive gases, such as 
during cleaning of the deposition apparatus following deposition of materials on 
semiconductor wafers. 

[10471 Turning to FIG. 5, a semiconductor etch apparatus is illustrated. The etch 
apparatus includes a chamber having an inner area or volume defined by lid 3 
disposed upon the base, composed of the process chamber wall 1 and floor 2. In the 
particular embodiment shown, the lid is in the form of a dome. A vacuum pump 4 is 
schematically shown as being connected to the chamber, for evacuation of the 
chamber. An RF coil 8 for generating a plasma is disposed around the lid 3, and takes 
on the form of an annular coil. Within the chamber, a liner 5 is disposed so as to 
surround an electrostatic chuck 6. As is understood in the art, the liner 5 is a 
sacrificial component which is replaced periodically after a certain number of etch 
cycles. The electrostatic chuck 6 is disposed so as to support a semiconductor wafer 
9, which is surrounded by a focus ring 7. The particular details regarding the 
operation of the etch apparatus are not described herein, but are well understood by 
one of ordinary skill in the art. In this regard, the arrows shown in FIG. 5 illustrate 
the etching action of the chamber while in use, due to generation of plasma within the 
chamber. 

[1048] The ceramic coating including the garnet crystal structure as described 
herein may be advantageously deposed on at least one of several components of the 
etch apparatus. Most typically, the coating is provided along the inner surface of the 
Ud 3, the upper surface of the electrostatic chuck 6, or the inner surface of process 
chamber wall 1. Noteworthy, the entirety of the electrostatic chuck 6 may be coated 
with the ceramic coating including the garnet crystal structure. 

[10491 While the lid 3, electrostatic chuck 8, and process chamber wall 1 may be 
advantageously benefited by the coating as described herein, other components of the 
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etch chamber may also be coated for added corrosion resistance. In particular, the 
focus ring 7 and liner 5 may be coated with the garnet crystal structure coating. 

[1050] In still a further embodiment of the present invention, a method for 

forming active semiconductor devices is contemplated. In this embodiment, the 
siUcon wafer, such as silicon wafer 9 illustrated in FIG. 5 is placed into a processing 
chamber of a semiconductor processing tool, a component of which has the garnet 
crystal structure ceramic coating (as described herein) coated thereon. Subsequent to 
processing, the wafer is diced into a plurality of semiconductor die. The processing 
chamber may be an etch processing chamber as described in connection with FIG. 5. 
= = However, the processing chamber may be a component of any one of the 

Q semiconductor processing tools described above, namely a deposition apparatus, a 

i diffusion apparatus, a CMP apparatus, and an annealing apparatus. 

[1051] As is well known in the art, a number of semiconductor processing steps 
are carried out to form semiconductor active areas on a semiconductor wafer, which 
a areas correspond to semiconductor die. Such steps include ion implanting, annealing, 

f'T material deposition (including dielectric materials such as silicon nitride and silicon 

oxide, as well as conductive materials such as aluminum, copper and tungsten) in the 
m form of conductive lines and plugs. Additional steps include planarization via CMP 

processing steps. After the multi-layered semiconductor active areas are completed, 
typically the areas are coated with a passivation layer through which contacts are 
made, which are connected to complementary contacts of a semiconductor package. 

[10521 Following the multiple semiconductor processing steps as summarized 
above, the semiconductor wafer is cut into a plurality of semiconductor die followed 
by test and bum-in. Known good die are then typically packaged, such as by the 
known C4 technology, flip-chip packaging, or by plastic encapsulation and 

connection to a lead frame. 

[10531 According to the foregoing description, various embodiments of the 
present invention have been described with particularity. However, it is understood 
that one of ordinary skill in the art may make modifications to the processes and 
articles described above yet still fall within the scope of the present claims. 

- 13- 

Final Patent App. 

Client Refetence: SC-4127 



